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FAILURE MODEANALYSIS SUMNARY

NERVA CONTROLDRUN ACTUATOR

PROPOSED BY GENERAL ELECTRIC

(MODEL At-L4)

SUIe_RY

A failure mode analysis of the NERVA control drum ectuator design proposed by

Central ELectric has been n_de. The results are sun=umrized with _phasis on the

design recommendations to improve the over-all reliability of the actuator.
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FAILURE HODE ANALYSIS SU)gIARY

NERVA CONTROL DRUM ACTUATOR

PROPOSEDBY GENERAL EI,EC'['RIC
I

(MODEL AC- t4)

INTRODUCTION

In the preliminary design phase of the NERVA reactor, several baaicllly ditterent

designs are being considered f©c the control drum actuators. One of those being pro-

posed is a pneumatlc actuator designed by General Electric and is identified as their

mode| AG-t4, P/N 10765t0-7bt. Reliabillt?, as stated in the NERVA contract, is of

extr_-e importance. Because of this /mportance, s falturesode ewalysis of the NERVA

control drum actuator deslEn proposed by General Electric is considered desirable. This

report presents the results of the faiLure mode analysis and indicates areas In wblch

deslgn changes may be made to improve the rellebility of the design.

RECOMMENDATIONS

It is recommended that further design ectlon be considered for the following

areas to improve the over-aLl reliabillty of the proposed General Eiectrlc AG-16

pneumatic actuator:

1. Provide means to protect ortfLces trom c|ogging.

2. Provide more positive methods for 1ockln 8 and/or retaining plns, nuts and

adjustments.

I IAL
.... ...,, RI rl '"a, mffll&

A*- " • 1or,4 2
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3. Change the servo linkage pivot plns m•terla[ to a m(,re ductile steel.

a. Provide spring lo•ded bypass •round the tilters for supply g•s and cool-

ing g•s.

_. Improve the electrxcai connector.

b. Assure that t•tiure in the eLectrlc•l tee_Oack circuit •nd torque motor

cxrcuit results zn or enaOles the actuator to go to the closed position.

1. Provide • restriction or check valve in the gas lines to and trom the

actuator.

8. Provide • locking device to se_ • actuator in the _.osed position

for shipment.

9. Hake the actuator doubLe a ng.

Additional conslderations should be glven to the tolloving:

i. Conduct extensive enviror_ental testing.

2. Provide clean room assembly.

These recormnendatlons are based on the assumption that sticking of onl/ one

control drum in the open position can cause a local core hot spot that can result in

catastrophic core failure. However, discussion with WANLNuclear Design indicates

that a design analysis is planned to investigate this condition, and possibly to in-

vestigate the effect of only one drum sticking in the closed position. Perhaps stlck-

ing of only one drtnn in the closed position may produce thermal gradients that can

cause local cracking of the core that can result in catastrophic core failure. In

1

I )54 3
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• ddltlon, it was felt that if only one drum were stuck open the engine could be shut

down, and if only one drum were stuck closed th, engine could be started.

DESCRIPTION OF PROPOSED GENERALELECTRIC PNEIMATIC ACTUATOR

The General Electric AC-14 actuator design which w•s used for th_ an•lysls pre-

sented in this report is shown in Figure I. Figures 2, 3, 4, & 5 show the actuator

in more detail.

The General Eleccrlc AG-14 actuator, which is one of the proposed designs being

considered for the NERVA engine, is • pneuanatlcally power•d mechanism chat positions

the reactor control dru_s to determine the engine power output. The linear motion

; of • single acting, gas driven piston is converted to rotary morlon by means of a rack

and pinion. The piston is controlled by a servo valve which regulates pressure, to

overcome the control drum return spring force, in response to electrical slgnsis from

the reactor control center to • torque motor. A potentlometer is coupled to the out-

put shsft to sense shaft position and provide an electrical feedbsck signal to the

reactor control center. A torsional spring provides snubbing •ctlon, when the actu-

ator is driven against its limit stops, to decelerate the control drums and protect

them from damage as the result of excessive deceler_tlon forces.

FAILURE NODE ANALYSIS PROCEDURE

The initial step in making this failure mode analysis ie to examine the detail

drawings and the sssembly drawing. From the_ep a parts list is created. To provide

identification, each part is assigned a planning parts list number which will be used

throughout the analysis. In addition, chls number is associated with the detail

. J i . i i _ 0

-- .rib.rob P &

..................... ',' ..'. .,._;._aie_
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i drawing part n_u_ber; howevert if there i_ _,,_,re re-deslgn, there may be several

l_rt numbers that would be identified with a single plann!ng parts list number.

_ach part, now identified by a ptannlng parts llst number (See Table I), is

considered separately; part function established; and the details of the part, as

visualized from the available information, are scudled. For each part, every con-

c_Ivable mode of failure is noted and the probable cause or causes of each mode is

recorded. How the mode of failure affects one operation of the actuator and the

over-all mission is next evaluated and enumerated.

Action to eliminate or prevent each moGe of failure is determined. The recom-

mended action may: (I) require special quality control effort during the manufactur-

ing phase and consist of special tests, measurements, or procedures; (2) require some

apeclJl laboratory tests, such as environmental tests, to demonstrate the design In-

tegritvl and (3) suggest additional design effort. During the initial design phase,

the recc_mmended actions can greatly assist i_ the attainment of a design wlch high

inherent reliability. It is for this reason that the failure mode analysis of this

report has been _ade.

Results of the failure mode analysis are sunanarized on a special form (see Table

II). This form lists the part name, planning parts list number, mode of failure, haz-

{

ard, effect on thrust and actuator performance, cause of failure, recon_nended methods

to eliminate or prevent failure, and disposition. In the future, the disposition col-

_nnn is to be used to note the action actually taken.

Since the sum_nary of Table II is aimed at recon_nendlng design actions to improve

• i

I

: t'.t'_ k! r_na_ --
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the reliability of the design, the recommended actions are discussed in greater de-

call in the tollowlng paragr•phs:

RESULTS AND DISCUSSION

The General gtectrlc AG-L_ actuator •s shown in Figure• I, 2, _p 4, and 5 is the

inlt_l deslgn of the configuration using a rack and pinion to transmit actuator

output torque. It i• at •_ eary stage ot development where a tallure mode analysls

is hlghty desirable in that changes, which can ald in attainment ot • oeslgn with

higher reliability, cs_ be recognized and deslgn •orlon taken before changes would

be dl_flcult to make. The tallure mode analysis represented by _he sun_mry of Table II

reflects the items where recorm_endatlons for design change• to eliminate failure modes

vlll improve the inherent reliability of the General Electric ^G°I_ actuator. This

report is concerned prim•rily with the recormnendstions for further design action in

the follovlng ares• to obtain a higher inherent reliability.

I. Provide Means to Protect Orlflce• from Clogglng

There are flve orlflces through _hlch cooling and exhaust gases £1ov immediately

before dumping into the actuator exhaust cavity. Should the servo exhaust orifice

clog, the actuator will not be able to move to the closed position. Should the coollng

flow orlflces clog, overheating wlll result and cause the actuator to Jam in s flxed

position. It I• recommended that chose orlflces be protected Indlvldually £rom clog-

ging.

/'_f_l_l .," --- ..... t

-uaw_'m'v_"_w_,_ • m_.. - , . _ . .. "'_
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2. Provide more Positive Hethods for Lockin S and/or Retaining Pins, Nutsp and

Adjt:stment s

There are a ntnuber of areas where the tocklng or retention of pins, nut_ and

adjustments is dependent upon friction. In view of the stringent requirements of

the NERVA system, it is out of proportion to have the success or failure of the

I system depend upon friction co Lock together certain parts. Considering the varlable

environraentat conditions present, uhlch tend to affect friction, a more positive means

of locking is in order.

A spring pin (roll pin) is used to trap the pivot pin for the piston bearing

and depends solely upon its coil spring action to remain in place. If it were to

back out, it could fall into the gear and Jam the actuator in a tlxed position. A

positive method of Locking the spr,n8 pin or another method of trapping the pivot pt

should be considered.

A pill 8 is press fitted and staked tn place in the end of the rack bearing cov_.r.

improper machining to obtain the press [tt and inadequate staking can allow the plug

to fall out and into the gear and Jam the actuator in a _Ixed position. Since stak-

) tng is done manually, the inherent variation in the process dictates that the pos-

il
slbiltty of inadequate staking is not remote. Another more positive method of retalnln8

this plug is recommended.

A spring p_n (real pin) is used as the anti-rotatlon feature for the rack hearth 8

j shaft and is retained by staking. For reasons previously stated, staking is undeair-

i able. In this application, a spring pin is undesirable since it is subjected to =hea_

r'Ni .... a .-. _= 4_m.

•_m_sm==..=. ,_

oL
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loading in addition to the compression loading for which it is designed. It is

recommended that another type pin or anoE 'r method of preventing rotation be con-

sidered, i

A spring pin (roll pin) is used to retain the potentiometerr coupling shaft to

the soft stop spring and is retained by staking. Should th, pin shear, the potenti-

omelet would be disengaged from the actuator output shaft and o fixed position feedback

sIznal results. The actuator then becomes a two position mechanism! Jither full open

ur full close. The con_nents p-evlously stated in regard to staking and shear loading

of a roll pin also apply here.

Self-locking nuts are used to retain the control drum shaft coupling to the

actuator output shaft, and the soft stop spring to the output sl_fc. Should the nut i

i_ retaining the coupling back off, the actuator and control drum shaft disengage and the

control drum cannot be operated. It _s essential that a positive method of locking the

nuts be provided.

Hid-grip hel_coll thread inserts are used to lock the servo inlet poppet and the

torque motor flapper adjustments. Should the servo inlet poppet insert relax, the

poppet will back off its seat and result in an open passage for high pressure supply

gas to drive the actuator piston to the full open position or possibly keep the actu-

ator from closing. Should the torque motor flapper adjustment inserts relax, the

spring load on the flapper is reduced, the servo manifold uozzle opened and the actu-

ator given the signal to close. Hore positive methods of locking the poppet and the

flapper adjustments should be considered.
L

"_ '" m'l'h A |

s
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3. Change the Servo Linkage Pivot Pins Material te _ More Ductile Steel

The servo llnk_ge pivot pins are presently made of AISI 440C steel which has

low shock or impact strength. Such strength r.ay be required r" withstat_d the l_ads

as _he serve pcFpets strike against their sects. Should the pivot pins fail, the

actuator will either operate in one direction only or bec_me completely inoperative,

depend!og upon _hich pivot pin failed. It is recommended that a :here sultab]e steel

be used as pivot pins in this application.

4. Provide Sprin_ Loaded Bypass Around the Filters for Supply Gas and Ce>lin_ Cas

_he gas to the actuator flow_ through filters. Should a filter clog. the act,z-

ator either does not operate or _t ove_neats and Jams in a f_xed position, depending

upu_ which filter was clogged. A spring loaded bypass which can open when a given

pressure drop across the screen is reached will permit tb_ flow of c s to operate

or cool the actuator, at least until 3omething clogs or sticks.

5. Improve the Electrical Connec or

Quick disconnect type electrical connectors are considered to have a hiFh failure

potential. -_hich suggests that they be eliminated. It Is recmmsended chat some pos-

itive means of connection be employed that Is not affected by friction, spring loading_

vibration, corrosion, etc., as is the quick disconnect type connector. In the event

thls cannot L_ effectively accnmplished, the use of more than one pin for edch cir-

cuit to provide redundancy is strongly recommended.

1976072283-013
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6. Assure that FaiLure in the Electrical Feedback Circuit and Torque Motor Circuit

Results in or Enables the Actuator to Bo te the Closed Position

The [eed_ack potentlometer senses actuator outpu_ position and provides _n

electrlcel signal to the engine control center. Should the potentlc_eter or its

circuitry fat1. there will be no indication of control drum position and the actu-

ator _y be driven to the full o_en position.

The torque motoc responds to electrical signals frc_ the engine control cen_er

to control pressure to the ac=uator piston by means of _he servo valve. Should the

torque motor or its circuitry fail, the flapper spring will ca_=e-._ the servo nozrie

tc be closed and the actuator wiil be drive_ to the full o_en position.

In both cases, redundant circuits should be used if at all possible. Further-

•ore, both _te_s should be designed _o tha_ the a<tuator can never be driven to the

open positlo_, resulting In a control drL_ being stuck open.

7. Provide a Restriction or =beck Valve in the Gas Lines to and from the Actuator

There are several failures which will result in the loss of large quantitles

of hydrogen from the actuator. Some means of limiting this loss is desixable and

it is recommended tha_ the use of so_e t_pe of restriction or check valve for the

I

gas li_es to and from the actuator be investigated.

8. Provlde a Safety Locking Device to Secure the Actuator

In the present design there is no locking de_lce to secure the actuator and

prevent damage to it and th_ control dru_, during shJv_ent of the engine. Also+

..... _'" " ",_'1 YX ,.

A
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prior to engine _tartlng, s lock provides positive assurance that the control drum is

in the closed position and cannot be moved until desired. I_ is strongly recommended

that a locking device be provided.

9. Hake the Actuator Double Acting

At the present time the actuator is gas driven only in the open direction and

: depends upon the control drum return sprln_ to drive it in the closed direction.

Should the control drum return _prlng f_il, the actuator cannot move in the closed

direction, and n_? remaln in the failed posltlon or overshoot toward the full open

: poslt1_n since the restr_inin_ force of the Jprlng i_ lost.

It is r_c_ended that the accustor be _ade double acting; that is, the actuator

be gas driven in the c!osed dlrectton as well as the open direction, in this way

the control drum return spring becomes a safety feature as well "s prov.des s_ditlonal

force _o move the control drum in the closed position.

Addltloue; consideration should be _Iven to the following co improve the over-all

actuator reliability:

I. Conduct Extenslve Envlrornental Testing

Since the actuator is • mechanlsta with many moving parts, the only knovn

procedure to prcperly evaluate the design is to conduct extensive envlronmental

testing over the full range of op_ratln8 variables. Plans for a comprehensive test

proBram including vibration, temperature, radiation, shock, ther_al shock, exposure
|

: to hydrogen, etc., cannot be overe_phaslsed.

m

,re,dr Yhl_1"r.t_ h iqP

......... -- ........... 11
- .- -:------ ,Se* . 1QKA ....... _ _-

!

1976072283-015



......... ...,,_.-.m,_P ............. , ..... _,_,._ ..................... _ " Tr-'14

[m_ILL_--LIh_Lmlk l'rl i |

• . ._fcnuc/eaf
Atom0¢ ,'.wryy ,_ * uToq ..... " r _"n

WAHL - _R - 05!

2. Cleal Room Asse_l 7

There are many seals in the actuator vhich may leak. Lukasa can be caused

b? contamination !odsed on the sealin 8 edses of the seaL. There are also five

unfiltered orifices whlch _a? become clogged b7 cocta-,Ination, it is apl_rent that

all _Irtb .-dUSt be thoroughly :leaned prior to assembly, and ¢on_.a_.Ination held to a

mln/mum during assembly. It _.s reco_ended that assembl_ be per£o_ned in an area

vhere sp_-__lal precautions ar_ taken to malntain _.leanllness.
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I, R. Spezlelettt 9-I_-62

i[ ¢SECkEI) .... ACTUATOR - GAS SF__70, CORPORATIONGE?n_AL ELECTRIC

APPnovzo ' a_-:z_, _,slronucleor LoborotOry

i[ _ ,.,, P,,Seu,,..e,.
-- PPL NO. REV ,i.I.4.... m,, NAME ,o. iisxleq'd N_.

: i i , l i-i i _ "" "

/{ C 02 13 ' 'WAs_ez_-IBdll_ville 16
. J J z I. I _ J J ....

I I I I I ! ! I

C 02 14 I !Sdrdw L $o4ke% I-read 16
_ "_ I I I I I I I I ......

C 03 O0 ,Racl_Oov_r*As_y, I
I a I , | i i •
@ I | | I I ! I '''

':c_' '''C 03 Ol.... , ,., _ , i. . .
• I I I I I I I l

, , _ I | | r'l_ I I " I ' , "

C 03 03 _ ,u_aF_n_ h 1I @ @ I

f C 03 O_ ' ' '" ' * ' ': II IS'_q_z_iP_l n ! ! 1
1 I l I I I ! I

C 03 05 _ IS_lall I , i i 1
: ' ;: I : : '

# | I I _ _ # i, ' ,i , ,, ,u ,,

' ' _oe_e_ Head 6o_o_. , ',Sqo_
! ! I i z _ z i

[ C 0b, O0 'l_ni_nlC_a_ A_s_ 1

1 1>l_1_)niC_r!' • | ,c o_ oz • - I I t, , , , I z

' _ I I I" l I I I I "" " :
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, , , ...... ,.................,,_
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CNECKEO ...... &CTUATOR - GAS SERVO, CORPORATION

_-- GENERAL ELECTRIC _Arol_cleo rAPPROV[O AG-14 Loborolory ;
L .... PITTSBURGH_

PA.

121,1I i J'lPPL NO. REV , 4 s e e PARTNAME No. TASK :
. Rea 'c I_.
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,,,,,,,, ......

c 06 n : :s_ : ' ' '
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I. R. Spezlalettl 9-12-62 ACTUATOR - GAS.SERVO

: CItEcKJ_D GR'N]_ ELECTRIC CORPORATION
Aa-:].4

kppnov¢o _L_fronucleorLoborofor¥
I_TTSBURGH. PA.

:" ,I,1,1I I I 1 ........ "°'PPL NO. R 4 S e T e= PART HAM[ _q'_ HP. '
" i:; i i i i i i ...... "' ' "

C 07 i_ , ,Sea_ , I I t 2
I i i
,,,11111 ..... ..
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C 07 16 , ,N®z_le, , , , 1

|, :: ::' ::_
C 07 17 : 'W_sHerl-:B411%ville 2.i ! ! i '_

" I ' "=1 I I I I I I " "

C 07 18 I 'S@r@w L $odk_t Head 2 "
I I I I I'1 ; ;

' ,W_s]_erl-'lB_ll_vill e h "C 07 19 , .. ,.
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C 07 20 , 'tSar o e Head 4 ,
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c 07 2Z I 1 1 ; I I';'I
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: NRVA CONTNOLDRIM ACTUATOR

Z'nOL_)SWSY GmSWa. m_-zzxc

i
Vib° ............ Vibration
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TIr81111. .......... Tl'lillllV@rlil

HI:8. ............ Hount ins
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t. mv,Q[Du4_EDESlrI_C_ION A. FULLOIq[N* CANNOt CLOSE
-" 2. EVtNIUALDESI[II_CIIO_ B. FULLCLOSE- CANNOIrOPEN

3. Ol_lt_ MOIl 11itAN _ C. PMILY OIq[N * CAN NOr MOVE
4. INOIIEA_ O. FULL ¢3_'N * CAN CLO_
$. OL_IW.A_ LF.S$lriN/4q IO_ F.. FULL CLOT_ * CAN

F. OICIUAIII

._ G. OEGtAO_ I_XOlU_NCE
H. NONE
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FAILLOI_ MOD( A_YSI5 _ PA_ _ d l_ @A_

• k_tOr - G_ _*Q. _1 ELaStic Ag-| _- |AllLE II DAI_ _78.01_ _V. _....

: " _ _ Of F&ILUi_E THItUSI" FAILURE i _"_STIN_ -

St2el[ieq( "Jtth _loa_G _proper N-, _ E

AC_i_ or v._
e

sel:u_ att_. /;/X Y_sp,, Cl_lnE _ [
Pl_t_ Rt.r_s - k:tL_ o_ H2.

P,_t Close ;_l. C_., I_.=.£Ur.

_el=cz_ _Ith _ or $/C $_eer#,, Clee_l_ _ E :"

._t, scre_ C.OI.O'_ CI_-,, Servo fk_e/G Debris, Ctm_qm. I_C PLl_er Screen £or { _

(OriClce) _h_ust; _lne _rl£1ee _ :.

!

F_:k C.(_.Ol ere_ Dzems • 5/O Vib., Fi_v ]_C £ i

#

J
great: _'_ns O _O_I_/H ;'lb-, Flaw _C E : ";

Selzuro vlth _/A rib., _p.._ - E

OF_. F_Os. [_brl s

Seizure vit.h NonelR Vib., Temp. X,> * E
F/nlon - FhU CLesAzLo_ AcL|;_n,
C lo._e l'Os. Debris

Seize:re _ith _' or _/1' Vtb., Ten I., _ . E
pinion - :_e Clea_r_ Actl,...,
_zz POS. Debt Ss

_eur Fluctua_ eS D_brls_ Cootie. E {

Piston C-02.02 Break Tr_ms., _/G Vlb-, Flau (1_ E

: I A_'t'l;. Piston I _

: Break Trans., ._'_O_OI'H Vlb._ Flay QC E _N_-Act. _lst.

Rre_k Trans., I'll Vlb., Flsv (_ Ig [;

t
[;resk "/_ms., None/B Vlb., Flay QC E
J_ FIzll Clo=e |,

Rreak Trans., & or 5/C iVlb*, Flay QC E
: J_n T_rt (_en I

•IEFFECIICN THRUST **EFFECT ON ACTUATr_ P_FORMANCE
h IMMEDIATE D_TRUCTIOt4 A. FULL OFEN - CAN NOT CLOSE
2. EVENIUAL DESmUCTION L FULL CLOSE - CN'! NO1' OPEN

3. DECREASEMORE THAN 30% C. FARlrLY OPEN - CAN NOT MOVE
4. INCREASE O. FULL OPEN - CAN CLOSE

_ $. DECREASE LESS THAN 10% F.. FULL CLOSE - CAN OPEN
" F. OSCILLATES

G. DEGRADED PERFOIIMANC l
H. NOI_E

! ' tOmil knerv • .... -77:___,..... .,, 26
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• . FAILURE MODE ANALYSIS SUMMARY PAGE _ of )3 PAGES

Aetms_or - Gas .%rvo) _,enerat Electric AG.I _" |AllE ii DA_ _._-G_ IllV. - .......

- _-'..... - eKOaU_NOEO_HOOS To 2
PART PLANNING MODE mQ EFFECT ON CAUSE OF ELIMINATE Ot IqlL_l[Fn FAILURE

PARTS LIST
OF FAILURE THIUST * FAILU_ TESTING

_ ',._cE.."'a'- ,_olmy.I re,o- 1I
Seat C-0_.O0 _ed _es Fluctuat_ I Careleso Sem_ill_ qC

F ContmD!nant.s

I)_a_ed BlUes _e]0_ Careless l{_Mllng _J

I Cont ,_.'_t n,_u;t,s
Se_i C*O_.IO _ed Edges l NO_/|I Cetrelo_ IbmdllN. _C

X C_te_i nemt 6
_eal C.O_.I] [Inam_ed Ed6es l_.e/!| Car*.lesa Ban_lln4;_ qC

Contaminant s

P_sto_ Cover C.(_.12 _ree_k • _raze X I Non_ Vtb., _0_r Braze _C E

Joint X
Break • _ra_ Fluctu_*.ee/ Yib-, P_or _re_e q¢ E
Jo|_ - A_tir_ F
Plst. Cover I

Dmew_ed Feal None/K Careless H_ndli.'_, QC
Surface L_proper 14Sc_q;.

tiasl_r C.02.1_ (_Itted • A_a'y, _4_J C_retess i_'y. QC

Sorer C.O_.)h Break _'_nS- X, _on_H Ylb.. O_e_torque (If E

_sck Load C-03*OI Break Tr.e_.s. No_C Vib., Flay QC E
Beartr;g
Cover pt_; Fal_ Out _A Vlb., t_;_oper O_ E /¢br_ Positive

or Break Tre-n. Retention. F]_v _e_ent1_ H_nns
J_ r_l] Open

pIu 8 F_ll UUt _'p Vlb., l_proper Q_ E 14b_,e-Positive
or Break Tran* _etention, y_u R_tent/c41 Ne_

Flu G Fall OUt _ or _/C Vlb-, Improper _ 5 More Po_ltlYe
or _-e_k Tran. Retention, Flay Retent|or_ N_s

_e,l Seal X _one/_ im_ro_r _¢._., _ r
'_r face _reless llend I I:M: " ;

])cWr$1_ 1_11_ & Hates Ac_lem, Te'_p.,

_lli_d_ or No(_ Vlb-, _ter)o_
[_lls & Races

_,;e,,, Nov_G Temp. Overload. _C E
C_t_l .w_nt8

I_ll 5rel_ks _om_C _efective _al] _C E

I]_11 I_etein. Non_G Vib., [_fective QC E
Rre_kl; I_tmir_.r

._arl_ C*O).O_ Break Trarw. Nm_e/C Vlb-, Flay _ E
F,hs_t

•DTECT ON THRUST *.81_*T ON AC1UATOF _IFOtM_NCE

i. IMMEDIATE DESNUCIION /L FULL OPEN * CAN NOT CLOSE
2. EV|NIUAL DESmUCflON L FULL CLOSE * CAN NO1
3. DECREASE MORE THAN 30% C. PMILY OPEN - CAN NOT MOVE
4, R_REASE 0. FULL _ - CAN CLOSE
S. DECREASE LESS THAN i0_ E. FUrL CLOSE - CAN O_EN | ;

F, OSCILLAIES
O. DEGRADED PEIFOIIMANCE
H. NONE

_.li,

.._,,-..... ,-..# 28

t

1976072283-032



i

i_ a ._ A ........ a A

_:___ _, _o _ _ "q_'/..JstronuclearAwu_r. y ACt ' 19'5'4' "
_i 1,141Jllt,- 1'Nit- 081

FAILURE IvK)l_ AI,,IP,LYSI$ SUAAMAIIy IF&C_ _ oil !_ PA_._$

AeT._tor - _B _rYo, Q_*n=z-'_*lLi_,,r_ric AG-I_ |AIIL[ II 0AlE _-2_-_" I[V. .....

PAltlr PkAINPNING Ad4_ADI_ IEFF|CI' ON CAUSE O4r |LLMII_q, lJE (lit IqmEV[INI1 FAiUJI_

PA_|S L151 Off FAILURE IMUST- FAILUIU[ T|ST!NG
NA_ NUMIEI &PERFOR- 0[S_N '

_NC£'" _O, I_V.

S_ri_ l_n C-O_-O It ke.ltr, _. _ YLb-_ ._,,ree" _ Ill_l_ _|_h J_a_.lnmr
IYI_ _ or c_n6_

_k _ _ ',';b-, Poor .r,4_e,_ _ _C'._I _f bt4.rm.l_tz

t_|l C'_-n j

p

i _rl_ce _or_t[ muq_;

t_eher C.O_t-_ Ottlv._ _ce=_ ._reteal _. "y. _.

( Pinion G_ar t.'-O_*.OL :_e[=r in*.erl_. It_ze/H rib,, _'tc_nK v

Y_lnp,

lar.erli .:rq_l! _ _ Y}b., *'.mt_ • _3 E

_r

!

J_= _ll _|_e Temp. "'

1
9z'_d !'rzm_. - _eiB Vtb.. tlkv t_ R
J_ ,"_II Ckme

I_eak _rnne. - I_ or _/C YIS*, FIn_ _ K

_rrace f_r_lesa Y_n_ 1£,,
Om,lr.rmin_lt,_ t

D_I! _rI;_ C-_.O3 Set:rare of _tte S_/A lP_p., Ctt_tntr_ f_ ] E I
_e_cee - J_ Affect, Of Ii,: I I

• FFKT ON {rl_ltu$! -'EFFECI GR4 A_IUAIOR W_FOItMAN_E

i |. IMMi_IA|I_ Di$111UCII_I_ _ FULL OliN - CAN NOT CLOS[ ]

2. EVENTUAL DESIROCIiON II. FULL CLOSE - CAN NOt OliN 13. DECREASEtW{_tl IHAN 30_ C. P_ILY OPEN - CAN NO1' MOVE
4, O4CR f_R. O, FULL O_|N - CAN CLOSE [

l $. DECREASE LESS IHA_ I0_ IF. FULL CLC-SE - CAN OP|N
F, O$CILLAIES
G. DE_IAD_0 PIHIFOtI_NCE
H. NONE

k
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'IEFFt_T O_ l_uSt **EFFECt ON ,_:1UATOII 1'SFGIJ_m_CE

L IMMIEOIAti[ DESIRUCIlO_ A. FULL OFI[N - CAN NO| CLOSE
2'. EV_IruAt I_SrlKK:IION L FULL CLOSE - CAN -_)t
3, OLrali[ASE MORI[ tH.4_,l 30% C. PARTLY Ofl[N - CAN NOT MOVE
4. INCitEASE D, FULL (_qN - CAN CLOSE
5. DECIIEA_ LFSS tHAN 10% L FULL CLOSE - CAN OFI[N

F. OSCILLATI[S
° + G. DI[G4tADED PBtFOI/_UqCI_

H. NONE

ir
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FALU_ _ ANALYSIS gJ_WUtY PAGI_ _ _ d _l.__ PAC_S

Act_ltor - 6_s Servop Geoe/_l _l@c;rt¢ k;-l_ I_LE i! DA_ _,._q.j_ RIV. - ......

,w PLAm"Gi _m [--I I I ItECOMME NI_D k_THODS TO |_)c:o, I 'L""" OR""'" '*, I-_-
r_vsL,STI _ ..... _'_l nmusT.I FAOLUiE! _ INO I_;

• Brea.k ql TiLt. I I I_B Z Vt_., Ow_orque i qC _ i

," SprinE Relax _b_./_ TeDIp- - E

Co_pltq_ C.O_.O_ Steak @ _'xze _'/D ¥l_., 1_0or Brnze _
Joint

: Joint

• Flex. t;/_ ¥1b., Flnv _

" Break • Flex. N0_e_, ¥_.b-, }'l-a _[_ £

S_ring P_n C.O_).O] _ _U_S. _ ¥ib., Flay, Sheaw _C _ F_eplxce v_th _her
i_.YlOepin or another

1_r_ Tl-_ns. _/9 ¥1b., Flay. She_r {I¢ E _tt_d or retalt_

MUir C-O_-0_ mltt_l No_ Carel_ _ss'y. _; -

Sc_v C._-O_ Break Trans. I_ /O rib-, Ov_r_orque _ E

Br_sk Tre._. Ig_,_E Vlb.. Gvc_orque _ _:

_- _*her C-O_-O_ (_ tt _t _:.q C_Fel esn Ass':** (_ .

Sel_ Lockln_ C.C_*OT I_ck Of_ l[_n_f B or Vib. - E l_mltlve m_,?,,l_!
_t F. of locking.

_ck Oft" b/O Vtb- " : 1ClmmF C-O_.(_ _re_k Tr_s. _/B V1b-, Flay.,

O_e_orque Nut _
POtentlOa_ter C.C_*01 FAec. _ _0 Y!b-, Me_tr, _ _ }

Circ,:it |_correct J_e__y. I

_lec. O_n None/_ Vlb., I_esr, gg E
CircUlg Incorrect Ass'y.

_p_n S!(_IA_ t;/0 Vib., k_r, qC E

_'I [ncorrec= As_'y.

Close Slgrml _/E Vib-_ V_r, _ E [
--- Incorrect Ass'y.

*nt.,r_itt_nt Fluctt_atee_ Ylb-, _emr, _C E
_tl F Contmlna._t s

I

Clot C.O_._ [ _sK Lip. Ncme_, Vib., Flay _C E

I_'eek L/p. k/D Vlb*, Fle_ QC F.

_l_h_r C.06.O_ iOmitted NOr_ H Corelees As_*y. _ -
!

-_ _ Clamp C.06.0_ | _ Trine. Nc_ Vl_. -
I

T
•EFIFECrON I'flRUST "*EFFECT ON ACTUATOR PERFORMANCE

r F. _MMEDIATE DF.S/RUCI'ION .A. FULL OPEN - CAN NOr CLOSE
•_ _. EVENTUAL DES;ItUCIION l. FULL CLOSE - CAN HOlt OPEN

3. DECREASE MORE IHAN 30% C, PM|LY Of_N - CAN NOT MOVE
4. INCRF.ASE O. FULL OffH - CAN CLOSE

•r" S. OECItEAS( LESS THAN 10_ E, FULL CLOSE - CAN OPEN

i! F, OSCILLATES
G. 0EGRAOED P_FORMANCE
H, NONE

,g,
L
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* - FAILURE MODE ANALYSIS SUMMARY PAGE 8 of 13 PAGES i

IAct.t/at.or - _ _rvo, General _leetNc A_-I b. TABLE i1 DATE 9-2B-_ REV. " ......

PART PLANNING MODE _ EFFECT ON CAUSE OF ELIMINATE CI PEEVENT FAILUIE _:

PAITS LIST OF FAILUIE _ THIIUST" FAILURE TESTINGNAP_ NUMBER & PERFOR- _ NSIGN

: ._MAN_E" MFG. [OEV.
! Break Trans. b/D Vlb. E

_rew C,O6.0_ Break Trans. Non,_E Vlb •, Overt_ _que QC E

Break Tra_s. _/D Vib._ Overtorque QC E
l_ack C_t _or_E Vlb. E l_Yide Imthod Of

locki_.

Sack Out _/D i V/b- E Provlde lethcd of
locklng.

Stop • Pot _.O6.06 l_e_k Trans. • Nonq/_ Vib. E
k_ant Fl_e

_z,'e,ak"Irene. • ._D Vlb. E
Flanse

Break Axial. • No_q_H Vib., Flaw QC E

B_._.kTrans. • NOn_ Pit. E
Slots

Break Trans. • _V VLb. E
Slots

_ed Seal Nc_e/_ Improper Macl_.,
_ar face Careless H_dlg.,

Cont_lnauts

_RZKI C.O_ .07 Break ?z'm_ • _e ./1t wit. E

Da_ed Seal None/}{ I_roper Mac_., ¢lC
S_r£aee Careless Handl i_g,

Cont e_ns_t s

l=proper I_:. of [_aue /_4 l_roper A_S'y. QC
Band Gap

Vuher C.0_.06 _tt ted None/_ Careless _s'y. QC

Sorer C.O_.O_ Break T_ans. None/E Vib., O_ertorque _ E

Break Trans. _/D Vlb., Overtorque _C E

Nut C.O_.IO None None/_ None

Seal C*C_.I_ I_m_ed Seal X NO_e/H Careless Handl_., QC
S_r_ace ConteStant s

Potentioseter C.06.12 Break Trans. X NOne/H Vib., Flay QC E
Cover

Break _tal. X None/H Vib., Flaw QC F,

Imaged Seal X None/H I=proper 'Hach_. e QC
_rface Careless Handli_

Cont_ainant e

i _ssher C.O_.I] (k_ltted Kone /H Csre_q_s A_m'y.

*" ": 'EFFECT ON 1HRUST "'EFFECT ON AC']UATO_ F_RFORMANCE

h IMMEDIATE DESIRUCTION A. FULL OPEN - CAN NOT CLOSE
• _ " 2. EVENTUAL DESTRUCTION B. FULL CLOSE - CAN NOT OPEN

3. DECREASE MORE THAN 30% C. PARTLY OPEN - CAN NOT MOVE
4. INCREASE D. FULL OPEN - CAN CLOSE

_ $. DECREASE LESS THAN 10% E. FULL CLOSE - CAN OPEN
• _ F. OSCILLATES

i • G. DEGRADED PERFORMANCE
H, NONE

f-_J

X

! _ IIjF_I_Illi,--| Jill- i " I I --.di,

•' 32
r

1

2
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FALUIE MO_ ANALYSIS SUMMARY FAG[ _ ol_PAOI[S

Actuator . ¢J_ Servo, ¢,enerai FJectrlc /_-l_ TASL[ II _4klE _._(_ I_'V. - .....

"_ i ,_o._.No...o_ vo oz
PAll PL£NNiNO MODE EFFECT ON CAUSE OF ELIMIPAklE OIL IqUEVENT FAILUI_ E

NAME PAilS LIST 11,IIIUST* FAILURE TES'IINGNUMKII OF FAILURE '& PERFOR-

- ._PU_pE'* too. ]my. mSmN a
8ere,,- C.06.1_ Break Traae. X None/H Vlb *• Overtorqtte _ E

SetwO C-OT.OI Crack or Break I&)Oe/B Vlb._ Flau QC E
Vu3ve

Crack or Break 1_/A rib., Flay _c £

; l_&- Hole Break ltme/H Vib._ FIw_ QC E

" --_lpl_et Seat C,O7.O2 De_e_ed 8eat Fluc*.uatef/F Iml_r_per Nac_.p QC
C&r_l aas Hemal i_,
_Lmatxum_8

Yo_e (%07-03 nreak • In Po_)et h JA Ytb., Flau _
Pin

_eak • _, None/B Vib,, Flay _C E
Poppet Pin

Break • Yoke _ _r 5/ Vib.. Fire, QC E

Supt_or_ Pin _ or B

Seize Pin and h/D _e_p., Cleanl_ qC £
Yoke Action _f IIo,

Con_ml r.an_

i Seize Pin and _one /H ramp., Cle_mtn_ qC E

L Yoke Action _f _,Co_te_ I tu_It[

yoke _Jp]port C.O7.Oh Break Trans. 6 or _/ Vib,. FI_'_ _C. E
t, orb

_ize _tth Pin _,_ _H T_p., Cle_i_g QC

Ac_L_,x of l_,

Pin c.OT.05 Break Trane. h /l rib., Flaw _C E Ch_. tO Hore [k_tilP
Steel •

_r_,ak Trane No_e /B Vtb.. Floe qC E

Outlet Poppet C*07.0_ Bre_d_ Trrms. No_a /8 Vib., Flay (_ E

[_a._e,iScot Fluctuatee/F L_prol_r tttch_., q_."
.qurf. Carolos_ lia_l ln_,

Co*lt_t nmtt-_
D_m_ed _a_ _one /H Lmprop_- mci',_., _C
Serf. Care les_ l[_dlln_,

Cc_t_tntmta

Inle_ _pl_t C.O_-O_ _r_ak Trans. h /A Vlb., Flay _g_ E Ch_. to More l_ct$|_

Helical COIl _:.07.C_ Relax l_k _ona /_ Vlb., T_ap. E More _It.lve Lockll_
Insert Action

[ ReI_L_ _CK _ /D Vlb,, Temp. E

! _el_u_l_ck Fluctuateefl Vib., Temp. E

qFFECI ON THRUST **I_FFIECTON, AC|UA_O!I FBI,_OIIMANCE

__ _. IMMEDIATE DESII_JCTION A. FULL OiP|N - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION L FULL CLOSE - cAN NOT OPEN
3. DECREASE MOI[ tHAN 30% C. PARTLY OFEN - CAN NOT MOVE

'_ 4. INCREASE O. FULL OPEN - CAN CLOSE

i 5. OECREASE LESS IHAN 10% E, FULL CLOSE o CAN OliN
F, OSCILLAIES

_- G. DEGRADED PEIIFOIIMANCE
H, NONE

l.

( .......... , ..... .,

t

1976072283-037
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" FAILUIE _ ANALYSIS SUMMAItY PAGE Io d ]3 PAGES

Act_tt.or - Osl 8e_o, General E_eet, rl¢ AG-I_ TAIL| |1 OAT[ 9.g_-_ II_v. •......

PART PLANNING _ _ ffFECT ON CAU_ OF ELIMINIAT[ Oil MEVENT FAILUIH

PNns LiST DMUST" FAILUIt| 1ESTING p
NAME Nt_'MMR OF FAILUIIE _ & P[RFC_- _SIGN

MANC['" MFG, OEV.

Inlet Poppet. C.OT,_) Ur¢_k ?r_. _./A _,'tr.., :.'lay QC E

lSe'.r_k _r_a. _nn/_ Vib •, I_LaV QC E

_et Fluet_ster_F _propQr )4_¢_., _"
.qurf. _ar,-l_,_a _dlinS,

C_t eG_tno_t p

_ktr f • Carel eoe |_;dl lr_,

Yoke 8ul_ort COO?. lO Break 7r_me. Nofle/_. V[b, O;er'.orque q(" E
_;crtv

8e_l _.07,1| Dm_e,_ .'_ _qetunte_'_ Careless Ke_d]t_, _C
_get C_mlt_,_l_t •

GS_ S_r'_O C.O'I.]_ _llovs ._l_ptt;_e Noae/_ Vlb.. FD, v _
iql love

_,a_r_d Se_] Fluetuste_F Carolose I/_m,fl i_a_, QC

8ervo Fil_er C.0?.13 CtaKG_l _n_/p DeOrte, Con_. r_c

HUl_ured Filter NOIt:_/n ¥1b., I=proJ_r _C £
Aria'y.

C-07.1_ _ 3eai ll0_e/G C_reless Heu_fi_, I _C
_ea Comtml_te

•%_,l _luetu_e_F Carelees limiting,
I_et Comam_mmt_

I_aifold KOle

Crack or R4",,t_ _01_/E' Yib., _ qC E

DmN(('_ _al .'lo.e/B improper Naeh_., qC
_rfaee _trelea_ Handlir_

C]o1_ Orifice 1_/8 _brla, CO_/_* _C

5ervo IMlve C.07-16 Break Trnnl. _lone/_l ¥1b., Flay QC E

Car_lee| |_ndllr_

t3e_,_e_ l_t _one/g ZSl_r_wr 14ae_.. qC
_rfnce C_relee# Rand|_.,

Ce_t aeA nan-m

_her C.0_'. ]? Oal tied li0_e/I; _srele_s Ase'y.

5erev C.07.16 _reak Tre_. Ik,oe,_[ Vlb., Ove_o_l'_e _ E

t_.eher c.0r/._9 _lt_e_ Ib_AI C_rele. ;_'y. _:

._tcv eN,,OtUSV ._.:a_.Fa_CroN ,_"vu_t_ P'ume_f
|. O*U_mOAV_OmlUCVK_ _. FULLOF_N.c_ NOrCLOt
2. I[VI[NIUAL OESWIUCflON |, FULl CLOSE - CAN NOT
3. O_li|A_ MOll[ IHAN 30% C, P_A|LY OliN * CAN NOI MOV|
4. INClIFA_ O. FULL OPEN - CAN CLOS!
$. DL_ItEAS_ LBS IHAN I_k E. FULL CLOSE - CAN OP|N

F. OSCILLAT|S
O. DEG_AO_D PoIeOdL_C|
H. NON|

1976072283-038
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L FAILURE MODE ANALYSIS SUMMARY PAGE I1 oi 13 PAGES

Actuator . _ 8erYo, General _Jeetrte _-lh TABLE It DATE 9-28-G_ REV. " .....

Ii ___0_+,o.PART PLANNING MODIE EFFECT ON CAUSE OF ELIMINATE OR PIIEVENT FAILUIIE _O

NAME PJUtTS LIST _:
NUMBER OF FAILUtE THRUST" FAILURE TESTING

& P_FOR- DESIGN
MANCE'" MFG. DEV. --

l _crev C,OT._) Break Trans, None/H rib., Overtorque QC I_
[ l_=:e _l| C.O7.21 Bll_l_ed Surface None/B Carelu_.e }[_rldlil_ I_C

Uont,lt=J.lluat_ts

Flapper Saree C.O7.2"_ None l_one/li None

TorqUe Hotor C-07-23 Electrical b/A Vlb*, Temp., Flau _ E
Failure

Electrical _lone/_ Vib., T_-_.p Flsw _C
Failure

Hid.Grip Lock 5 /G Vlb., Temp. E Here llosltlve MnthOd
Relax oi" Lock*

Spring l_.eIu 5 /G Temp. g

Intermitl:ent Fluetu_tet/F Vib.. Temp._ Flay qC E
Elec. Contact

tieBher C.07,3_ Omitted None/H Carele_;s As_'y. _Ci
_rev C.07._ I _reak Tra._;. hone/H V/b., Overtor_t_e _C

_ Exheus_ C.07._ Crack or Break X None/H Vlb._ Flay _C E
Volume Cover

Camped Seal X None/H Lmproper F_ch_., QC
Surface Careless liaudlln_,

Cont e_l naut _;

_eal _.07._Y _ed Seal X ! None/H Carele_ _e_dlill_ QC
FAt_es Con_e_lrmnt s

_ssher C.07._8 _lf.ted If,one/H Careless Ass 'y • QC

Screv C.07*L_ Break Trans. X /fcne/H Vib., Overtorclue _ E

Seal C.O_-_O _ed Seal None/H C_reless Hsndll_, QC
I_l_e_ Con_.sminants

Seal C,07.31 _d See/ NOne/H Careless P_udli_ _C
F,_es C_ealnant s

Seal C,07._E I?_1 Seal None/H Careless Randii_, QC
|_dKes Cont e_lnemt 8

Wether C*O7._ _ltted l_c_e/H Careless /Les*:f. QC

: "<re_ C.07.3_ Break "_ems. No_e/H Vib., Overtorque QC E

Caol|r_l_ F|o_ C._.O0 C_og_ed _/A Debrls_ Co_te_. QC _r_. Lo_d EOrpa_s.
+ I Filter

t Cloll_ed NOI_e/B Debri6_ conrad. QC SprK. Load _l_lase.

Wave Spring _*/A Vtb._ Trap., Flay _C E
_'eak/Rel sx

:_ l

+ I "EFFECT ON THRUST "'I]_ECI ON ACTUATI_I FERFOR/_ANCE

1 I. IMMEDIATE DESTRUCTION A. FULL OFF,N - CAN NOT CLOSE
'_ 2. EVENTUAL DESTRUCTION II. FULL CLOSE - CAN NOT OPEN

3. DECREASE MORE THAN 3Oe_ C. F_ATLY OPEN, CAN NOT MOvE
4. INCREASE D. FULL OPEN - CAN CLOSE
$. DECREASE LESSTHAN 10% E. FULL CLOSE - CAN OF_Jq|

' | F. OSCILLATES

L G. 0EGRADED P_OIIMANCE
H. NONE

_V41"V'U '''_ 'm,_ _ -w ..m _' _'_,L_.._-._z_

",2

,_._ ++._.,..... _ .,.,-.........._ " 35
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_ FAILUREMO_ ANALYSIS_J_Y PAGE t2 _ _.____eA_S

Actuator . OAD _rvo_ Oenezetl Electric AG-Ih TABLE II DAI. 9-28-6P REV. " .....

,: ["_ RE(;OMME NDED A_WHOID$ TO

PART FI.ANNING MODE =Q: EFFECT ON CAUSE OF El !MINATE OR 181EVEI_WFAILUU E

_' NAME ,ARTSNuk,_ERLISTOF FAILURE eq_&MANCE'*PERFoR'THRUST"FAILU'E MFGITi'S'= i DESIGN ,_l, &l.

/A t

_ier_.en )_ptttre Vib. - _ ]

, t . Screen t_ipture None/S Vib. - E I

. SUpply Fltter C.09.00 Clog_;ed None/B 1)ebrls,Cont,. QC _ [ Spry. Ix)a__pase.Screen [_ptwe None /H Vlb. o
I

W/r/t_ C.I0,01 Broke_ Wire _ /_) Vlb._ Fle_ QC _ iUse _edund_t'It
I_I"_sS [ f'ircui_S•

FJec. S_or_ k /D Vib., Temlp.e Insnl Q(:
Abrn_ *

Elec. Sltort None /_ Vib., Temp.; Insull
Abres •

Open Clre_tt t,/D Brok_ Connect _C E

Open Circuit None /E Brok_ Connect QC R

Incorr. Wir_ _ /D C_relese Ass'y. QC -
Connect|(_s

Incorr. Wlre ._n_e /E C_reles_ Ats'y. QC -
_ Co_L_ectlon_

F_ectricsl C-lO._ _lec. Open _ /D Vlb-, }_roke _ln QC E P_plece '_:_ck
Receptacle Circuit Poor SOlder t_seomlect _p.

_rJth Wl_'e.
Else. Oper_ None j_ Vlb.. 13rcke Pin _ E IPercent Pyre o_"
Circuit r_)r f;.>lder Use Ke_tmd. _r_tts.

_el C.10.03 r_aged S_al _one /_ Careless ._andl_ QC - [
F_es Cont_l_t e

I_aehe, C.I0,05 Omitted None /H Careles_ A_s'y. QC -

Screw C.IO.O_ Break Trans. _one/_. _'Ib,_Ovex,_orque _ E !

ij _Zleetrlcal C.lO.O_ _lec. O_en _ /D Vtb. e Broke I_n, QC E Replace Qutc_
Receptacle Poor SoJder Dlecom_.ct _eeep

with more Per_e_}_n_

Flee. _n Clr- None /._ Vlb., Broke I_n, QC E _ or uee Ned,'_.

cult Poor Solder Cl rc_lze, l

,_eal C.li.Ol I_._ed Se_; None /H Careless Hnndl|_g, QC -
_urface Contm_Innnte

" ._e'tl C.ll.O_ Damaged _eal X Ik_e ,_1 Careless }{Sndlll_ QC -
_urfece Ccmtae_ln_nts [t

Se_l C.I1.0_ Dam_ed Seal _ne /_ Careless _a_ll_b_, QC - J
, Edges COnt_i_t_

:teal C.ll.O_ I_s_ed _e_l None /H C_elese _l_ll_t QC -
• Edges C_lt _tne_nt s

! , .

"EFFECT ON TF'HIL.$T "'EFFECT ON ACTUATOII PERFORMANCE

_, IMMEDIATE DESTRUCTION A. FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION II. FULL CLOSE -CAN NOT OPEN
3. DECREASE MORE THAN 30% C. PA/tTLY OPEN - CAN NOT MOVE
4. INCREASE D. FULL OPEN - CAN CLOSE

; 5. DECREASE LESS THAN 10% E. FULL CLOSE - CAN OPEN
" F. O_CILLATES .

G. DEGRADED PERFORMANCE ! L
H, NON_

l

!
!,
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I_AILUI_MOOE ANALYSIS SUMMAJIY PAGE __ 13 _¢1/l_._][ IPAGI_S i
I

TADLE II I_V.

......... eecomeNeeouemoos1to tz
.. PMRT PLA_ _ _ I_FECT ON CAU_ OF |LHIqAII 011 I_LMEm F_TU£Uli i_

NAME FNtT$NuMBERLISTOF FAILISq_ __& --_r_ FALUI_ . , lrLr$1r|NG." - = I_

i_ C|MIp C.II.O_ _ AxJid 3[ _ iB Vlb.. nsv _[C E

8olt ._u,l,l X _/O rib. E;

1

] :
I

I
i

J I ,,J

l .eme_ ON rmusf **emecr o_ ACNA,rOe _eh I_EOIMTE OBIIIUCtlON A. F'JLLOFEN - CAN NOt CLOSE
2. eVeNVU_, oesmucnoN e. FULLCLOSE- CAN NOT oem
3. OECIKEASEM(_E THAN 30% C. PNIILy _ - CAN NO; MOVE
_. n_r_e p. CULLoeeN - CAN CLOSE

t S. OCCRF_SI[LESSTHAN 1095 L FULLCLO_ * CAN OFG'4
F. OSClLLATI_
G. DEGRADEDFI_FQIt,MM,tCE
H. NONE

[ .
I ., ,w _ • W'W_m b* ...................

_a- :-..... ........,,,_. sTf
!
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